Continuous electronic monitoring of the fetal heart rate (FHR) in labour was introduced into British obstetric practice in the 1960s and 1970s. A report in 1970 showed that 1 in 279 women in labour had electronic fetal heart rate monitoring (EFM), 1 in 333 had fetal blood pH estimation by fetal blood sampling (FBS), and 1 in 1000 had bothl. Seven years later, a survey of 17 hospitals (11 district general hospitals and 6 teaching hospitals)2 indicated that every teaching hospital aimed to monitor all patients and 5 were already doing so, but universal monitoring was not possible within any of the district general hospitals. In 5, only 'high-risk' cases were monitored, whereas in the remainder every available machine was utilized but monitoring was performed according to priority. Only one of the 17 hospitals did not routinely use a scalp electrode when cervical dilatation permitted its application. Despite these figures, the author of the report concluded that 'acceptance of biophysical and biochemical monitoring in Britain was slow. ' This paper is neither a further review of the scientific case for EFM as done thoroughly by Goodlin3 and more recently by Steer4, nor is it an evaluation of the monitoring techniques, since this work continues5'6. Rather, the aim has been to examine the introduction of continuous EFM into British obstetric practice-in particular, how it came to be introduced so widely and rapidly.
DEVELOPMENT AND IMPLEMENTATION OF THE TECHNOLOGY Gunn7 and Pinkerton8 have described the early history of the detection of fetal heart sounds as well as the development from the initial recognition of the sounds, through to their routine, though not uncontested9, use in clinical practice.
Whilst a review of obstetric textbooks of the 1950s10 shows agreement that meconium staining of the liquor and fetal bradycardia are indicative of fetal distress, there was no agreement on the significance of fetal tachycardia or on the degree of bradycardia needed for a diagnosis of distress. All agreed, however, that delivery was required once distress, as defined by themselves, was detected. Monitoring was by means of intermittent auscultation with a Pinard's stethoscope, intermittent being the key word.
In the twentieth century the technical limitations to continuous recording of the FHR were rapidly overcome. Initially fetal heart sounds were detected by phonocardiography (Bell in the 1930s, Gunn and Wood in 1952, Alment and Hammacher in the 1960s.) This technique had the advantages that it was not invasive and could be performed before rupture of membranes. Low frequency filtering enabled the fetal and maternal heart sounds to be distinguished. Sir Anthony Alment used earpieces from headphones produced during the Second World War at St Bartholomew's Hospital and later at Northampton. He says there was great excitement at the time, which he described as the 'joy of discovery' on being able to listen continuously to a physical sign of the fetus. Hammacher in Dusseldorf was responsible for the commercial clinical implementation of the phonocardiography machine by Hewlett-Packard. Ultrasound provided a further means of detecting the FHR, without the necessity of amniotomy and this was developed by Doptone and Sonicaid.
In America, Hon was developing fetal electrocardiograph recordings by use of surgical clips applied to the presenting part of the fetus1l. Caldeyro-Barcia in Montevideo used platinum electrodes inserted transabdominally. Both workers refrained from intervening on the basis of the recordings12 and assessed outcome from the clinical cardiorespiratory condition at birth. For the first time continuous traces were obtained showing patterns which appeared to correlate with the condition of the baby at birth. Hon subsequently FBS13 to England and then in July 1967, through his close links with Hammacher, he was supplied with the first continuous FHR monitor in the UK, a Hewlett-Packard phonocardiography machine, at St Mary's. Huntingford described this as being very exciting as 'it gave answers immediately'. He discontinued FBS, with its technical and practical difficulties, in favour of phonocardiography and concentrated on analysis of FHR as a means of detecting fetal wellbeing. EFM was easier for both doctor and mother and no technical support or expertise was required. 'Enthusiasts were constantly enthusing others'. St Mary's became the centre in the UK for FHR monitoring, supported by the German branch of Hewlett-Packard (not the American branch).
Richard Beard went to Germany in 1965 where he too learnt the technique of FBS from Saling. His MD thesis was based on determining normal ranges of fetal pH in labour14 by observing without intervention. He found a good correlation between fetal pH and clinical state at birth as measured by Apgar scores, and defined the lower limit of normal fetal scalp pH in labour as 7.25. He introduced FBS into routine clinical practice first at Queen Charlotte's Hospital and then at King's College Hospital, London. When he moved to the chair at St Mary's after Huntingford's departure, EFM was already firmly established and St Mary's thus provided an ideal environment in which to assess the correlation of FHR changes with FBS information on the acid-base status of the fetus.
The development of techniques for continuous monitoring of the FHR allowed physiological and pathological changes of the human FHR to be examined. The fetus had until then been isolated in its protected environment ('sacrosanct' according to Sir Anthony Alment). In-vivo demonstrations that cord compression led to FHR changes were documented1s, as were the effects of various pharmacological agents such as atropine16.
The technology was now readily available for monitoring and recording the FHR in labour but its value had not yet been assessed.
THE VALUE OF CONTINUOUS MONITORING OF FETAL HEART RATE

Views from the 'profession'
In 1959 a paper was published in the BMJ calling for conservatism in the management of fetal distress10. This reported that FHR abnormalities, irrespective of their nature, do not necessarily carry an increased fetal loss. In a series of deliveries without fetal distress the perinatal loss was 2.7%, whereas the overall fetal loss where fetal distress was present was 9%. The main risk factor for the distressed babies was the mode of their delivery irrespective of how rate (PMR) followed mid-forceps extractions compared with 2% for a low forceps delivery and 8% for a caesarean section. This study clearly showed how obstetric intervention in the form of a mid-forceps delivery, on a presumptive diagnosis of fetal distress, could be associated with a worsening of a clinical outcome. Nevertheless, in the same year an article in The Lancet suggested 'There is urgent need for more frequent recording of fetal heart-sounds during pregnancy and labour'17.
In 1962 at a symposium on fetal phonocardiography and electrocardiography at the University of St Andrew's, Smyth was saying, 'The phonocardiograph enables more cases of fetal distress to be detected' 18. However, at the same venue the value of the technology was already being questioned. ' The earlier fetal cardiographers were content to show that it was possible to obtain fetal deflections but newcomers ought, to justify another publication, to do more than show that their toy works. The fetal heart rate must be the end-result of many positive and negative effects-both nervous and hormonal. . In these circumstances the variations in heart rate are unlikely to be a sensitive indicator of conditions of the fetus '19 By 1965 the value of EFM was being questioned more widely. At the British Congress of Obstetrics and Gynaecology in Glasgow, LM Hellman, professor of obstetrics and gynaecology in Brooklyn, presented a paper questioning the value of electronics in obstetrics and gynaecology:
'In his original dissertation on the fetal heart, Laennec wrote that auscultation could ascertain fetal life, fetal lie and twinning, and detect distress during labour. All of this information may now be gathered electronically, but the question is whether more accurate or more complete data regarding fetal distress may be so obtained. The answer is probably 'no' '20.
Potential uses of cardiotocography for both antenatal and intrapartum assessment of fetal wellbeing had been documented by Huntingford in 196921. He also drew attention to potential disadvantages-for example, that the best-quality traces were obtained when the patient was lying still and on her back:
During labour and used without the additional benefit of analysis of fetal blood samples, the cardiotocograph gives a much more accurate and complete picture of fetal cardiac activity, allowing a more precise evaluation of the significance of changes in the fetal heart rate noted by simple auscultation. Otherwise cardiotocography during labour provides an accurate indication of the need for estimation of fetal acid-base balance from fetal blood samples. However, rather than being used in this way as advocated by Beard, Huntingford and others, EFM was being used alone. In 1978 only 40% of obstetric units in the UK measured fetal blood pH in conjunction with electronic monitoring22 despite earlier publication of its value. the distress had been diagnosed: a 3 3% perinatal mortality 245
Simmons had written of fetal blood sampling, 'although not so readily accepted as continuous FHR monitoring in many obstetric departments, its value cannot be questioned'23.
Once the idea had become widely accepted that EFM would reduce the perinatal mortality, greater degrees of automation were envisaged. In 1970 the Nursing Mirror carried an article with a vision of central monitoring for all.
The labour ward is an intensive care unit and should be equipped accordingly. By means of electronic techniques it is now possible, with a minimum of staff, to obtain continuous and reliable information on the intra-uterine pressure and the fetal heart rate during labour ... We have reason to believe that these measures will greatly diminish the risk of hypoxic fetal brain damage during labour. . . Our aim is to be able to record the intra-uterine pressure and FHR in all labours ... The tracings may be viewed anywhere in the labour ward24.
Similarly, the Chairman at the 1 st European Congress in Perinatal Medicine noted that 'once the heart rate is being recorded nothing else is required except for periodical checks of the tracing; this is especially useful if several patients require supervision at the same time'25. Again there was an assumption of the value of monitoring. The 'electronic labour ward' was considered analogous to the coronary care units that were rapidly introduced in the 1970s in response to an awareness of high initial mortality from myocardial infarctions.
There were attempts to acquire more information from FHR tracings than just the rate and to refine its analysis. The concepts of a 'dip area'26 and later of an index of fetal wellbeing27 were attempts to gain better correlations with fetal outcome by utilizing duration as well as amplitude and timing of decelerations. However, data-processing technology at the time was not sufficiently advanced to provide ongoing values and its main value remained in retrospective analysis.
By the early 1970s the PMR had fallen drastically in units where these methods had been introduced. For example Windsor and Slough Obstetric Unit, where EFM was first introduced in 1967, had a PMR of 38.9 per 1000 in 1966. This fell to between 14 and 18 per 1000 in each of the years between 1968 and 197323. Similar decreases in PMR following the introduction of EFM were reported from St Mary's Hospital, Paddington28, Watford General Hospital29, and Aberdeen30. By contrast, in a Cardiff unit that had introduced widespread induction of labour early, but did not introduce EFM until 1973, no decrease in PMR was detected31.
These reports led to the rapid uptake of EFM in units around the country. Sir Anthony Alment recalls that when he first amplified fetal heart sounds by phonocardiography his then chief at St Bartholomew's, Donald Fraser, found it slowing of the fetal heart with contractions, even though he was told they were innocuous. Alment found that recording without listening became necessary, so as not to alarm the women being monitored. With the reported association between EFM and the decrease in perinatal mortality rate in these units, the idea of performing controlled trials in which monitoring would be deliberately withheld from some women seemed unacceptable. 'We should not excuse the delivery of asphyxiated babies because we cannot at the moment demonstrate statistically that they are turning out any worse neurologically'32.
Not everyone agreed with this view. Arguments were heard at professional meetings, such as a symposium of fetal monitoring in 1970:
That these initial studies have used very complex electronic techniques and computer analysis seems to have blinded others to the fact that well established patterns for prognosis can be obtained without recourse to instrumentation beyond a good midwife and a good stopwatch. 33 Maternity units initially introduced monitoring for what were judged high-risk cases, but with the aim of eventually monitoring every woman in labour:
An examination of the number of perinatal deaths shows that in any population half of those deaths will come from the high-risk group and half from the low-risk group. It is true that one has to work far harder to prevent deaths in the low-risk group because there are many more low-risk than high-risk patients, but this is not an argument against routine monitoring of all women in labour. Secondly, there will never be an efficient system in use on a labour ward if only the high-risk patients are monitored. If everyone is monitored it becomes a routine that is easy to apply. If it was always necessary to try to discriminate between low-risk and high-risk then a number of patients whose babies will die will slip through the 34 
obstetricians' fingers
Another view recognized the shortcomings of available methods for assessing the impact of changes in care:
So far there is no evidence that FHR monitoring per se has reduced perinatal mortality in otherwise good conventional obstetric units. Some argue that an improvement in the quality of infant (as measured by its Apgar score) is the main achievement. This is patently not relevant, as several 'at risk' register follow-ups have shown. Before assessment of obstetrical practice can continue some accurate methods of quantifying the result (i.e. the newborn infant) must be developed. At present no such index exists Yet, in the same year, Filshie published a review that appeared to ignore the known limitations of EFM:
Now that the appropriate technology is available, the obstetrician may virtually eliminate intrapartum stillbirths and reduce morbidity 2 difficult not to intervene when he heard synchronous 36 associated with parturition to a minimum .
Although it was acknowledged that the decrease in PMR was multifactorial, factors other than EFM were often given little weight:
The improvement in PMR following the introduction of monitoring has been attributed by some writers to factors other than monitoring. For this reason there is a real need for a controlled study to determine whether FHR monitoring significantly alters perinatal morbidity and mortality37.
However, apart from the ethical dilemmas raised in performing a randomized trial, which would involve withholding from women a management aid considered by many authorities to be instrumental in the decrease in PMR, there was debate about the endpoint(s) to be measured. Fetal scalp and umbilical cord pH had been shown to be related to early neonatal condition as measured by Apgar scores or the need for resuscitation, but were less predictive of the long-term outcome for the infant.
The following discussion is again from a transcript of the debate in the RCOG 2nd Study Group of 197138.
Shelly Can I ask you whether you apply the opposite sort of argument in that if a fetus does not have a low pH then all is well? ... Presented time and time again with a fetus with an Apgar score of 2 or 3, a blue limp toneless creature with a heart rate outside normal range and a pH of 7.3. Do I say 'it doesn't matter that it is blue and limp, its pH is fine so I have succeeded'?
Beard-That is overstating the case. This method is an improvement on the fetal stethoscope. It is not perfect. There are a number of babies born with normal pH with a low Apgar score. Why they have low Apgar scores I do not know. Methods are available for improving the outlook of the fetus at birth and one should not wait for definitive evidence of neurological deficit in 10 years' time before employing them.
Shelly-Which do I take as my criteria of success, pH or Apgar score? They are in conflict. Beard- In our original report of 176 cases [1967] we accepted the fact that a few babies are born with normal pH and low Apgar scores, but in general the pH correlated reasonably well with the Apgar score.
Shelly-Only statistically, not in individuals.
Curran-This is the point I am trying to make. If we are going to compare methods of monitoring the fetus we must have a method of quantifying the result.
Views from consumer groups
The introduction of EFM was only one of several changes in obstetric care that occurred during the discussed time. In the 1970s consumer groups began to join the debate on by the introduction of active induction of labour policies, the whole subject of medical care in labour came under external scrutiny. Indeed when trials were performed, such as that of elective induction of labour,39 their shortcomings were reported in the medical press by well-informed patients' groups such as the Patient's Association40.
That a non-medically trained person could publish a valid criticism of a 'scientific' paper, and in a medical journal such as The Lancet, seemed impossible to some doctors. In response to a letter from the president of the The wee, cowering, timorous obstetrician thought to be criticising his colleagues whilst sheltering behind the skirts of the chairman of the Patients Association is a figment of his imagination. You do not need to be a doctor to acquire an "extensive" knowledge of the literature. All you need is a good library and a curiosity acquired by reading over 800 letters from women about induced births42.
Other subjects investigated by consumer groups at that time included place of delivery, the presence of partners in delivery rooms, routine episiotomies, pubic shaving, and babies being kept in nurseries away from their mothers. All of these became the subject of public debate in print, for example articles by the Gillies in the Sunday Times Magazine of 13 and 20 October 1974, and in television documentaries including a Horizon program, The Trouble With Medicine (1976) . There seemed to be two main foci of action-concern about adequate levels of care in the maternity services articulated by such groups such as AIMS; and promotion of 'natural childbirth', by the National Childbirth Trust. Although there was often disagreement on what constituted ideal care all agreed that freedom of choice was vital.
Until these groups became involved, press reports were a reflection of the medical establishment view of the time. A report from King's College Hospital describing their experiences with EFM in 197143 appeared in The Times (27 October) with a headline of 'Baby-Saving Techniques.' The article reported that Professor Clayton, one of the authors, believed that this technique was out of the research stage and could be widely used in ordinary hospitals. The following year in its 'Features for Women', Hugh Jolly, a paediatrician, wrote 'modern obstetrics has removed physical damage to the brain from the causes of mental handicap'45 (25 November) . By 1974 letters were appearing in The Times asking for more attention to other aspects of pregnancy and childbirth than just May 1 998 medical intervention. Although this was initially provoked 247 mortality rates: 'Young nurses and doctors should also learn more about the psychological factors'.
Continuous EFM in labour was used to counter arguments that induction of labour could increase risk to the fetus. The Times reported a letter in the BMJ by Tipton and Lewis in which they associated doubling of the induction rate at Watford General Hospital from 28% to 55% with a halving in the PMR from 22.2 per 1000 to 10.6 per 1000 as 'Measurement of FHR during labour has allowed earlier recognition of complications' (14 February, 1975) .
Even when it was accepted that EFM led to a reduction in PMR, not everyone agreed that this reduction was worth the cost. The following is from an AIMS newsletter:
After a two-year study at one London hospital, it was found that fetal monitoring reduced perinatal mortality by about 1%. But it does seem unreasonable to devote a large amount of resources in order to effect such a small improvement in mortality rates, when allocation of these resources to other branches of medicine might produce greater benefits. Any kind of monitoring involves a woman in having to keep fairly still and 'tied to the bed', which greatly adds to the discomfort of labour4.
Elaboration came in the newsletter four months later.
Following the statement in the September Newsletter that fetal monitoring reduced perinatal mortality from 2.4% of all births prior to monitoring to 1.4% after the introduction of routine monitoring, Dr. lain Chalmers of the Dept. of Medical Statistics, Welsh National School of Medicine, has pointed out that the figures can be looked at in another way. He feels that a reduction of 24 dead babies per 1000 to 14 per 1000 (a reduction of 40% in the PMR) is a significant saving in human terms, but he also suggests that there may be reasons for not ascribing all of this improvement to intrapartum monitoring45.
Professor A Turnbull wrote, 'the concern felt by many professional and lay people has been that prophylaxis may be applied to an extent which far outstrips any possible benefit, so that ultimately, through the law of diminishing returns, complications of the prophylaxis become worse than the original problem'46.
The next AIMS newsletter contained mothers' reactions to fetal monitoring. 'All respondents except those having epidural analgesia found monitoring uncomfortable; some even distressing47. This is in contrast to the results of the controlled trials where mothers' views were reported (see later). However many comments reflected the unreliability of the apparatus and the staff's unease with unfamiliar technology.
... When I was given an internal examination, the nurse removed the electrode and the machine stopped, then the nurse panicked and went screaming to the sister and doctor that the heartbeat had 47 stopped. As you can imagine this frightened the life out of me TRIALS The first controlled trial on the effects of EFM in high-risk labours was published in 1976 and related to deliveries in Denver between 1973 and 197548. In his introduction Haverkamp summarizes his reasons for performing the trial.
Numerous statements have been made by leading obstetric authorities that all labours should have EFM; however no controlled study has been done to evaluate the actual influence it has on perinatal death and morbidity. Other considerations not clearly answered include maternal well-being, patient cost, and if an increased number of Cesarean sections are done in monitored labours.
The trial did not detect any benefit but showed an increased rate of caesarean section in women monitored continuously. He notes, however, that the excellent outcome in the auscultated infant does not mean that close attention need not be paid to the laboring patient, especially the high-risk individual. This study had a one-to-one nurse-patient ratio and rigidly timed auscultations by trained clinical nurses. Auscultation of fetal heart tones every 1 to 2 hours on a busy labor floor, as one not infrequently sees, is inadequate observation of the laboring patient ... The apparent lack of improvement in perinatal outcome in high-risk pregnancies by the use of the EFM in this study in comparison to auscultation is unexpected, when considering the current opinion expressed in the world literature.
He then pleaded that 'further well conducted studies on the value of EFM need to be carried out before large amounts of money and time are spent, perhaps unnecessarily.' To counter criticism that the increased abdominal delivery rate was due to lack of FBS, he conducted a subsequent trial on women delivering between 1975 to 1977 but this time with the addition of FBS. Again there was no detectable benefit, and those women who had been allocated EFM (18% vs 6%)49 had a higher rate of caesarean section.
Several randomized controlled trials were then published, as summarized in the Oxford Database of Perinatal Trials50. The largest of these, the Dublin Trial51 involving 13000 women delivering at the National Maternity Hospital in Dublin, compared EFM with intermittent auscultation (IA) with a Pinard stethoscope. There was no difference between the groups in the rates of caesarean section, stillbirth and neonatal death, admission to special care nursery, low Apgar score or need for resuscitation. Neonatal seizures and persistent abnormal neurological signs were twice as frequent in the IA group. Only three of the randomized controlled trials-the Copenhagen Trial52, the Dublin Trial, and the Washington/Seattle Trial53 included an assessment of the women's views on fetal M ay 1 99 8 248 monitoring during labour, and the latter two found that the method of monitoring was less important to women than was the support they received from staff and companions.
The randomized trials were not above criticism, mainly for their lack of power: 'Reverence for the negative findings in the four randomised trials may be misplaced because of the grossly inadequate numbers and the unrepresentative nature of the patients'54.
INFLUENCE OF LITIGATION
Although it is often stated that the wide and rapid introduction of continuous EFM reflected rising litigation I have found no evidence for this. The first case of a child successfully claiming damaged for injuries sustained before birth was not until 1973. From The Times, 10 March:
Child injured before birth can now claim. The long awaited appeal before the Privy Council as to whether a child can sue in respect of injuries received while in the womb will not take place. The client had abandoned his appeal. Therefore Sylvia Watt, aged 5, whose brain was damaged in a motor accident in which her mother, then pregnant, was also injured can claim damages for her pre-birth 59 injuries A headline in The Times of 7 February 1976 stated, 'MPs Welcome Interim Bill of Rights for Unborn Children'. This was referring to the Congenital Disabilities (Civil Liability) Bill. However, this was to apply only to those children whose disabilities could be shown to have resulted from a prenatal event the fault of another. A letter the following week asked for rejection of the Bill since it contained 'premises on the causation of fetal damage'.
CONCLUSIONS
There is much evidence for the 'evangelism' remembered by Sir Antony Alment as well as the questioning that occurred within the medical profession. The shortcomings and advantages of evaluation techniques seemed to be emphasized or disregarded by the same people depending on whether results refuted or supported their own particular standpoint at that time. Even before the techniques had become widespread, evaluation was difficult, since many already believed that controlled trials would be unethical. The endpoints initially chosen in trials, when they were performed, were often not those that answered the relevant questions.
In 1978 the Social Services and Employment Subcommittee of the Expenditure Committee of the House of Commons began an enquiry into perinatal and neonatal mortality. One of their recommendations, on the basis of evidence presented, was that 'continuous recording of the fetal heart rate should increasingly become part of the surveillance of all babies during labour'55. This was in response to evidence from St Mary's Hospital, Manchester, of the reduction in intrapartum deaths following the introduction of EFM for all patients. Although the Committee perceived a general acceptance of the technique of electronic fetal monitoring they were 'aware of some disagreement as to the extent to which it should be used'. The Committee recognized, ... the problem of deciding which patient should have electronic fetal monitoring as a choice between two possibilities. On the one hand, if all babies are monitored: a degree of safety for the baby is provided at the expense of some interference with the natural process of birth; whereas, if only babies of high risk are monitored there is some loss of safety for the babies of low risk mothers ... As one of the major justifications for obstetric care in hospital is the safety it offers to mothers and their babies during labour, we recommend that continuous recording of the fetal heart rate should increasingly become part of the surveillance of all babies during labour.
There was no question about the effectiveness of EFM in labour.
Many aspects of the introduction of a new technology or method of management are the same today. It is often felt to be wrong to withhold the 'advance' from patients as soon as the first favourable reports are published. Unless we are willing to evaluate new management techniques before their introduction, useless or even harmful practices will continue to become established, whilst we shall be unable to use truly beneficial practices with confidence.
